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Summary
Introduction:  Metaphyseal  comminution  is  widely  considered  as  a  key  radiographic  parameter
that predicts  fracture  instability  for  distal  radius  fractures.  However,  no  quantitative  parame-
ter is  available  to  measure  this  degree  of  comminution.  To  quantify  metaphyseal  comminution
objectively,  the  authors  devised  and  validated  the  metaphyseal  collapse  ratio,  a  new  radio-
graphic index.
Materials  and  methods:  Seventy-four  cases  of  distal  radius  fracture  in  the  elderly  were  included
in this  analysis.  After  closed  reduction,  a  strictly  lateral  plain  radiograph  was  obtained  and
digitally adjusted.  The  metaphyseal  collapse  ratio  (MCR)  was  calculated  expressing  the  maximal
radiolucent extent  as  a  percentage  of  the  intercortical  distance.  Furthermore,  correlations
between MCR  and  age,  gender,  DXA  scores,  and  other  radiographic  parameters,  namely,  radial
shortening,  volar  tilt,  radial  inclination,  and  the  presence  of  an  associated  ulnar  fracture  were
investigated.
Results: Mean  metaphyseal  collapse  ratio  in  the  cohort  was  calculated  to  be  51.7%  by  one
observer  and  53.7%  by  a  second,  showing  good  interobserver  and  mean  intraobserver  reliability
(0.812, P  <  0.001  and  0.826,  P  <  0.001,  respectively).  MCR  was  found  to  be  signiﬁcantly  cor-
related with  conventionally  accepted  radiographic  parameters  of  fracture  instability,  that  is,
radial shortening  (P  <  0.001),  volar  tilt  (P  <  0.001),  and  radial  inclination  (P  =  0.002),  but  not  with
age, gender,  DXA  scores,  and  the  presence  of  a  combined  ulnar  fracture.
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Conclusions:  Metaphyseal  collapse  ratio,  a  novel  radiographic  parameter,  was  found  to  provide
a reliable  measure  of  metaphyseal  comminution,  and  to  be  signiﬁcantly  correlated  with  other
radiographic  parameters  that  predict  distal  radius  fracture  instability.
Level of  evidence:  Level  III,  diagnostic.
©  2013  Elsevier  Masson  SAS.  All  rights  reserved.
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calculated  by  expressing  maximal  radiolucent  width  (y)  as  a
percentage  of  intercortical  distance  (x)  (Fig.  1).  MCR  values
were  conducted  in  all  patients  twice  by  the  ﬁrst  author  and
also  twice  by  a  co-author  (SHR  and  JHK,  respectively)  for
interobserver  and  intraobserver  reliability  testing  and  mean
MCR  values  were  used.ntroduction
rediction  of  instability  after  the  treatment  of  distal  radius
racture  has  received  considerable  attention  in  the  lit-
rature,  because  it  helps  time  intervention  and  prevents
nnecessary  physical  and  economic  losses  due  to  undesir-
ble  outcomes  or  treatment  delays.  However,  although  many
linical  and  radiographic  factors,  such  as,  dorsal  angula-
ion,  metaphyseal  comminution,  radial  shortening,  articular
ncongruity,  the  presence  of  a  concomitant  ulnar  fracture,
ge,  and  bone  mineral  density  have  been  reported  to  predict
racture  instability,  the  issue  remains  controversial  [1—8].
Although  the  majority  of  these  factors,  in  quantiﬁed
orms,  have  been  suggested  to  predict  the  threshold  of  frac-
ure  instability,  only  metaphyseal  comminution  has  been
hown  to  be  a  key  radiographic  predictor  by  major  stud-
es,  [4,5,7]  and  no  tool  or  protocol  has  been  devised
o  quantify  degree  of  comminution.  Rather  the  factors
uggested  to  date  are  based  at  best  on  crude  semi-
uantitative  criteria  [1,4,7,9—12].  Accordingly,  it  is  not
ossible  to  describe  metaphyseal  comminution  objectively
n  a  clinical  or  academic  setting.  Furthermore,  erstwhile  his-
orical  descriptions  of  metaphyseal  comminution  cannot  be
dopted  as  potential  predictors  of  fracture  instability  with-
ut  universally  accepted  methods  of  quantiﬁcation.
Accordingly,  the  purpose  of  this  study  was  to  devise  a
traightforward  means  for  quantifying  metaphyseal  com-
inution  in  distal  radius  fractures,  and  to  demonstrate  its
eliability  by  establishing  correlations  between  it  and  clini-
al  and  radiographic  parameters.
aterials and methods
 retrospective  review  of  clinical  and  radiographic  data
f  distal  radius  fractures  in  the  elderly  and  correlational
nalysis  were  conducted  to  determine  the  reliability  of
etaphyseal  collapse  ratio  (MCR)  to  quantify  metaphy-
eal  comminution  in  distal  radius  fractures.  The  study  was
pproved  by  our  institutional  review  board.
Seventy-four  consecutive  patients  with  a  distal  radius
racture  who  visited  our  emergency  or  outpatient  depart-
ent  from  January  2010  to  December  2010  were  included.
he  patients  consisted  of  60  women  and  14  men  of  aver-
ge  age  63.5  years  (range,  52  to  86).  The  inclusion  criteria
ere  the  patient  age  >  50  years  and  distal  radius  fracture
reated  with  non-surgical  management.  The  authors  exam-
ned  the  distal  radius  fractures  cases  during  one  year  (2010)
onsecutively  and  did  not  select  the  cases  depending  on
he  classiﬁcation  category  or  presence  of  articular  involve-
ent.  The  dominant  wrist  was  injured  in  42  patients  and  the
on-dominant  in  32.  When  the  fractures  were  classiﬁed  by
F
A
creating  physicians  according  to  the  AO  classiﬁcation,  there
as  one  A1  fracture,  15  A2  fractures,  12  A3  fractures,  2  B2
ractures,  3  B3  fractures,  8  C1  fractures,  12  C2  fractures,
nd  21  C3  fractures.
tudy  protocol
CR  values  were  calculated  from  dimensions  in  post-
eduction  true  lateral  radiographic  images.  Before  fracture
eduction,  degree  of  comminution  is  difﬁcult  to  diagnose,
ecause  the  impaction  of  fracture  fragments  may  mask
etaphyseal  collapse.  In  each  case,  after  acquiring  a  true
ateral  image,  the  grayscale  was  adjusted  using  the  dig-
tal  manipulation  function  in  the  PACS  system  to  make
he  boundary  of  the  collapsed  portion  of  the  metaphyseal
sseous  region,  which  provides  structural  support  to  distal
ragment,  as  clear  as  possible.  The  MCR  values  were  thenigure  1  Measurement  of  metaphyseal  collapse  ratio  (MCR).
. Initial  x-ray.  B.  Post-reduction  X-ray.  C.  Measurement  used  to
alculate  MCR.  D.  Diagram  illustrating  the  MCR  measurement.
comminution  715
Table  1  Interobserver  and  intraobserver  agreement
between  the  measurements  of  metaphyseal  collapse  ratio.
Intraobserver  agreement
ICC  95%  CI  P  value
Observer  1  0.851  0.795∼0.901  <  0.001
t
—
i
v
m
F
l
m
t
i
m
P
F
D
A
m
i
b
c
iA  new  radiographic  parameter  for  quantifying  metaphyseal  
To  examine  correlations  between  MCRs  and  clinical
and  radiographic  factors,  age,  sex,  and  T-scores  of  the
femoral  neck  and  lumbar  spine  were  acquired  by  dual  X-
ray  absorptiometry.  In  addition,  radial  shortening,  volar
tilt,  radial  inclination,  and  combined  ulnar  fracture  were
measured  in  plain  radiographs.  All  data  were  determined
using  pre-reduction  radiographs.  All  of  the  above-mentioned
parameters  are  widely  considered  to  predict  distal  radius
fracture  instability  in  the  previous  studies  [1,3,5—8].
Statistical  analysis
Correlation  and  comparative  tests  between  MCR  values  and
other  clinical  factors  were  performed.  For  continuous  varia-
bles,  that  is,  age,  DXA  T-score,  radial  shortening,  volar
tilt,  and  radial  inclination,  Pearson’s  correlation  test  was
performed,  and  for  categorical  variables,  that  is,  sex  and
combined  ulnar  fracture,  the  Student’s  t test  and  one-way
ANOVA  test  were  used,  respectively.  In  addition,  interob-
server  and  intraobserver  agreement  for  the  determination
of  MCR  values  was  evaluated  by  interclass  correlation  coef-
ﬁcient  (ICC)  analysis.  All  statistical  manipulations  were
conducted  using  the  Statistical  Package  for  the  Social  Sci-
ences  (SPSS)  version  12.0  (SPSS  Inc.,  Chicago,  IL),  and  P
values  of  <0.05  were  considered  signiﬁcant.
Results
The  mean  MCRs  (±  SD)  reported  by  raters  #1  and  2 were
51.7%  ±  18.9%  (range:  11.3  to  76.5%)  and  53.7%  ±  15.4%
(range:  16.2  to  81.0%),  respectively.  The  overall  MCR  was
52.7%  ±  16.0%  (range:  13.7  to  79.5%),  and  the  interclass  cor-
relation  coefﬁcient  (ICC)  for  interobserver  reliability  was
0.812  with  a  p  value  of  <  0.001  and  ICC  for  intraobserver
reliability  was  0.826  with  P  value  of  <  0.001  (Table  1).  Clin-
ical  and  radiographic  assessments  revealed  a  mean  DXA
T-score  at  the  femoral  neck  of  —1.71  ±  1.03  (range:  —4.80
i
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c
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Table  2  Correlation  analysis  between  several  clinical  and  radiog
Category  Mean  (S.D.)  
Age  (years)  63.5  (10.4)  
DXA T  Score  (femur  neck)  —1.71  (1.03)  
DXA T  Score  (lumbar  spine)  —1.93  (1.10)  
Radial Shortening  (mm)  2.8  (2.7)  
Volar Tilt  (◦)  —14.6  (16.5)  
Radial Inclination  (◦)  15.4  (6.1)  
Category 
Sex
Male  
Female 
Combined  ulnar  fracture
None  
Non-base fracture  
Base fracture  
Metaphysis  Observer  2 0.802  0.723∼0.892  <  0.001
Interobserver  agreement 0.812 0.721∼0.886 <  0.001
o  0.45),  a  mean  DXA  T-score  at  the  lumbar  spine  of
1.93  ±  1.10  (range:  —3.85  to  0.70),  mean  radial  shorten-
ng  of  2.8  mm  ±  2.7  mm  (range:  —2.5  to  10.7  mm),  mean
olar  tilt  of  —14.6◦ ±  16.5◦ (range:  —44.9  to  20.0◦),  and  a
ean  radial  inclination  of  15.4◦ ±  6.1◦ (range:  1.0  to  29.3◦).
orty-six  patients  had  a  combined  ulnar  fracture;  22  sty-
oid  non-base  fractures,  16  styloid  base  fractures,  and  eight
etaphyseal  fractures.  Of  the  clinical  and  radiographic  fac-
ors  examined,  only  radial  shortening,  volar  tilt,  and  radial
nclination  were  found  to  be  signiﬁcantly  correlated  with
etaphyseal  collapse  ratio  (r  =  0.414,  P  <  0.001,  r  =  —0.429,
 <  0.001,  and  r  =  —0.348,  P  =  0.002,  respectively)  (Table  2,
ig.  2).
iscussion
 number  of  major  studies  have  regarded  metaphyseal  com-
inution  as  a  potential  predictor  of  distal  radius  fracture
nstability  after  treatment  [1,3—7], and  a  considerable  num-
er  of  classiﬁcation  systems  have  included  metaphyseal
omminution  as  a  viable  [13—15]  (Tables  3—4).  However,
n  all,  metaphyseal  comminution  was  assessed  either  qual-
tatively  or  rarely  semi-quantitatively,  and  such  methods
nvariably  lack  of  reproducibility.  Accordingly,  it  is  not
lear  whether  ‘metaphyseal  comminution’  as  deﬁned  in
hese  previous  studies  constitutes  a  veriﬁable  criterion.
raphic  factors  and  metaphyseal  collapse  ratio.
Correlation  Coefﬁcient  P  value
0.222  0.057
—0.035  0.809
—0.003  0.985
0.414  <  0.001
—0.429  <  0.001
—0.348  0.002
Cases  P  value
14  0.227
60
28  0.139
22
16
8
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iigure  2  The  scatter  diagram  shows  the  correlation  between
olar tilt  (B),  and  radial  inclination  (C).
urthermore,  no  information  is  available  as  to  whether
etaphyseal  comminution  is  best  evaluated  in  pre-  or  post-
eduction  radiographs.
In  the  present  study,  we  quantiﬁed  metaphyseal  com-
inution  in  a  prescribed  manner  by  calculating  metaphyseal
ollapse  ratios  (MCR),  and  we  found  MCR  provided  good
nter-rater  reliability  and  that  it  is  signiﬁcant  correlated
ith  other  radiographic  parameters  that  have  previously
een  reported  to  predictor.  We  emphasize  that  MCR  val-
es  were  determined  using  a  fully  quantiﬁable  method  using
easures  of  comminution  obtained  from  post-reduction  lat-
ral  radiographs.  As  shown  in  Tables  3  and  4, in  the  majority
f  previous  studies  and  classiﬁcations  extent  of  comminution
as  measured  is  in  pre-reduction  radiographs.  Generally,
xtent  of  comminution  can  often  be  misdiagnosed  because
i
o
b
r and  other  radiographic  factors,  namely,  radial  shortening  (A),
f  the  overlapping  of  multiple  fracture  fragments  on  ini-
ial  pre-reduction  radiographs  and  because  of  the  plaster
hadow  on  post-reduction  radiographs  [16,17].  However,
ecently  developed  image  processing  techniques  provided
y  the  digital  PACS  system  enable  interpreters  to  over-
ome  interference  by  plaster  shadows.  In  the  present  study,
e  attenuated  the  plaster  signal  by  using  functions,  such
s,  grayscale  adjustment,  and  we  assessed  the  percent-
ge  anteroposterior  width  of  collapsed  metaphyses  versus
he  full  thickness  of  the  metaphysis  at  the  level  of  max-
mal  metaphysis  width.  Had  assessments  been  performed
n  pre-reduction  images,  levels  of  measurement  and  widths
f  radiolucent  areas  and  whole  metaphyses  could  not  have
een  determined  reproducibly.  In  addition,  we  found  cor-
elations  between  MCR  values  and  other  predictors  of
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Table  3  Previous  studies  which  examined  the  potential  use  of  metaphyseal  comminution  as  a  predictor  of  distal  radius  fracture
instability.
Study  Major  predictors  of
instability
Assessment  of  metaphyseal
comminution
Assessment  in  pre-  or
post-reduction  X-ray
Abbaszadegan  et  al.  (1989)  [1]  Radial  shortening  Semi-quantitative  Pre-reduction
Cooney (1989)  [7]  Articular  involvement
Comminution
Dorsal  angulation
Qualitative  Unclear
Lafontaine et  al.  (1989)  [4] Age
Articular  involvement
Comminution
Dorsal  angulation
Ulnar  fracture
Yes  or  no Unclear
Leone et  al.  (2004)  [3]  Dorsal  angulation
Radial  inclination
Radial  shortening
Age
Yes  or  no  Pre-reduction
Nesbitt et  al.  (2004)  [6]  Age  Yes  or  no  Pre-reduction
Mackenney et  al.  (2006)  [5]  Age
Comminution
Yes  or  no
(By  location)
Unclear
o
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bRadial  shortening
fracture  instability.  Despite  debate  on  relationships  between
radiographic  indices  and  distal  radius  fracture  instability,
several  authors  have  suggested  tenuous  correlations  for
some  radiographic  indices  [18,19].  In  view  of  this,  the  strong
correlation  found  between  metaphyseal  collapse  ratio  and
other  predictors  in  the  present  study  support  the  use  of  MCR.
This  study  has  several  limitations  that  warrant  con-
sideration.  First,  this  study  did  not  include  a  prognostic
analysis.  This  was  because  the  enrolled  population  was  het-
erogeneous  in  terms  of  treatment  received,  which  included
closed  reduction  and  casting,  percutaneous  pinning,  and
open  reduction  and  volar  plating.  At  our  institution,  recent
treatment  policy  has  tended  to  favor  perform  early  surgical
intervention,  and  thus,  it  was  not  possible  to  recruit  consec-
utive  patients  with  a  wrist  fracture  of  unstable  feature  that
were  treated  conservatively.  Accordingly,  we  used  correla-
tion  analysis  with  other  parameters  to  determine  the  validity
r
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Table  4  Previous  classiﬁcations  that  utilized  metaphyseal  commi
Classiﬁcation  Major  determinants  of
classiﬁcation
Gartland  and  Werley  (1951)  [12]  Articular  involvement
Comminution
Displacement
Older et  al.  (1965)  [13]  Comminution
Displacement
Dorsal  angulation
Radial  shortening
Müller et  al.  (1987)  [20]  Comminution
Fracture  conﬁguration
Ulnar  fracture
Jenkins (1989)  [14]  Comminution
Fracture  conﬁgurationf  MCR.  Second,  metaphyseal  collapse  ratio  was  determined
sing  true  lateral  radiographs  in  the  present  study.  These
adiographs  provide  a  two  dimensional  overlapping  view  and
o  not  provide  three-dimensional  topographic  information,
nd  thus,  the  topographic  locations  of  comminution  and
irections  of  load  transmission  could  not  be  determined.
or  example,  volar  and  dorsal  comminutions  of  the  same
idth  were  regarded  to  have  same  radiographic  comminu-
ion  index  when  using  metaphyseal  collapse  ratio.  Further
tudy  is  required  to  determine  whether  three-dimensional
nalysis  of  metaphyseal  comminution  provides  additional
eneﬁt.
Metaphyseal  comminution  is  regarded  as  an  important
adiographic  index,  which  determines  fracture  stability
nd  treatment  policy,  but  the  quantitative  measurement
ethodology  of  comminution  has  not  been  suggested  yet.
his  fact  is  somewhat  astounding  considering  that  there
nution  as  a  major  determinant  of  distal  radius  fracture  type.
Assessment  of  metaphyseal
comminution
Assessment  in  pre-  or
post-reduction  X-ray
Yes  or  no  Pre-reduction
Qualitative  Pre-reduction
Yes  or  no
(by  location)
Unclear
Yes  or  no
(by  location)
Unclear
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[18  
ave  been  so  many  studies  and  literatures  in  the  history
f  the  distal  radius  fracture.  This  study  shows  that  meta-
hyseal  collapse  ratio  provides  an  objective,  reliable,  and
eproducible  means  describing  metaphyseal  comminution  in
he  distal  radius  fracture.
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